A classical voltage-gated ion channel consists of four voltage-sensing domains (VSDs). However, the roles of each VSD in the channels remain elusive. We developed a GVTDT (Graft VSD To Dimeric TASK3 channels that lack endogenous VSDs) strategy to produce voltage-gated channels with a reduced number of VSDs. TASK3 channels exhibit a high host tolerance to VSDs of various voltage-gated ion channels without interfering with the intrinsic properties of the TASK3 selectivity filter. The constructed channels, exemplified by the channels grafted with one or two VSDs from Kv7.1 channels, exhibit classical voltage sensitivity, including voltage-dependent opening and closing. Furthermore, the grafted Kv7.1 VSD transfers the potentiation activity of benzbromarone, an activator that acts on the VSDs of the donor channels, to the constructed channels. Our study indicates that one VSD is sufficient to voltage-dependently gate the pore and provides new insight into the roles of VSDs.
Introduction
A classical voltage-gated potassium (Kv) channel consists of four voltage-sensing domains (VSDs) that perceive changes in the membrane potential and open or close the channels [1] [2] [3] . The VSD is formed by four transmembrane segments (S1-S4), and S4 contains 4-8 positively charged residues [4] [5] [6] [7] . However, different from Kv channels, a voltage-gated proton channel Hv1 consists of two VSDs, and a voltage sensor-containing phosphatase Ci-VSP contains one VSD, suggesting that a single VSD can sense changes in the membrane potential and function independently [8] [9] [10] . Discoveries of voltage-sensing proteins with less than four VSDs raised a fundamental question: how many VSDs are necessary to confer the voltage sensitivity in one Kv channel [11] ?
In a model proposed by Hodgkin and Huxley [12] , all four VSDs must be in an activated position to open one voltage-gated channel, whereas the downward motion of only one VSD is sufficient to close the channel. Supportively, the study in concatenated heterotetramers of Shaker channels with stoichiometry of 1 wild-type:3 neutral S4 segments suggests that when three of VSDs are in the activated position, the fourth VSD is capable of gating the channel by itself [13, 14] . KvLm is a prokaryotic Kv channel from Listeria monocytogenes, characterized by high structural independence of the VSDs and the pore domain [15] . Taking advantage of this unique property, functional heteromers of the KvLm pore domain, assembled with one, two, or three VSDs, were produced by in vitro transcription and translation [16] . The results from this study suggested that three VSDs are sufficient to gate the channel, but all four sensors are required to close the channel [16] . The work on KvLm channels shed new light on the roles of VSD. However, as it is a prokaryotic channel, the VSD of KvLm contains only three of the eight conserved charged residues known to be deterministic for voltage sensing in eukaryotic Kv channels, which may impede the generalization of these findings to eukaryotic Kv channels [15, 16] . To the best of our knowledge, similar protein engineering strategies (physically remove VSDs) have not been successful in eukaryotic Kv channels. The two-pore domain potassium (K2P) TASK3 channel is a dimeric protein, with each subunit consisting of four transmembrane segments flanked by a short N-terminal domain and a relatively longer C-terminal domain [17] [18] [19] [20] [21] [22] . Different from Kv channels, dimeric TASK3 is categorized as open rectifier channel that does not exhibit activation, deactivation, and inactivation kinetics [23] [24] [25] . To investigate the roles of each single VSD, we developed a graft strategy to construct new channels using the TASK3 channel as the host and VSDs of voltage-gated ion channels as the donors. The VSDs dissected from tetrameric voltage-gated channels were grafted to the host TASK3 or its tandem channels, which produced functionally engineered channels with two or one VSDs, respectively. Using this graft strategy, we revealed distinctly new insight into the roles of VSDs of voltage-gated channels.
Results

Grafting VSDs of tetrameric voltage-gated channels to dimeric TASK3 channels
To produce voltage-gated channels with a reduced number of VSDs, a full-length dimeric TASK3 channel was used as the host. Each subunit of TASK3 channels contains two pore-forming domains but lacks a VSD ( Figure 1A and Supplementary information, Figure S1 ). VSDs that contained a complete N-terminus, S1-S4 segments and a S4-S5 linker from three classical Kv channels (rKv1.2, hKv7.1, and rKv7.3) and a hyperpolarization-activated channel (mHCN1) were grafted to the host channel ( Figure 1A and 1D, and Supplementary information, Figure S1 ). A total of four engineered channels, with each subunit containing one VSD, were constructed. Each engineered channel therefore theoretically consisted of two VSDs. These chimera channels were expressed in Chinese hamster ovary (CHO) cells and examined using whole-cell electrophysiological recording ( Figure  1B ). Under voltage step stimulations, both significant outward and inward currents were elicited in the cells expressing mHCN1VSD-TASK3, rKv1.2VSD-TASK3 or rKv7.3VSD-TASK3 channels. However, under identical conditions, negligible inward currents were induced for the hKv7.1VSD-TASK3 (KT) channels. The rectification ratios (R) of these engineered channels were calculated as the ratio of absolute current amplitude at −100 mV over that at +100 mV. The rectification ratio of KT channels was significantly smaller than those of the other three channels ( Figure 1C ). The current-voltage (I-V) plots further revealed the apparent outward rectification of the KT channels (Supplementary information, Figure  S2 ). Although the four donor VSDs exhibit topological similarity, including the conserved positively charged residues and some hydrophobic residues, the identity of their sequence was low ( Figure 1D ). Intriguingly, under the step pulses, all four engineered channels exhibited robust currents, suggesting a high host tolerance of TASK3 channels.
The KT channels are voltage gated
The KT channel was selected for further investigation because of its smallest rectification ratio and robust outward currents ( Figure 1C ). Under the same stimulation protocol, the elicited currents of TASK3 were distinct from those of Kv7.1 and KT channels (Figure 2A ). Both large outward and inward currents were elicited by step stimulations, exhibiting a nearly linear I-V relationship (Supplementary information, Figure S3A ). The Kv7.1 channels, containing four VSDs, display a classical sigmoid G-V curve. Interestingly, KT channels, containing grafted VSDs from Kv7.1, exhibited similar voltage dependence to Kv7.1 channels but dramatically different voltage dependence from TASK3 channels (Figure 2B ). The G-V curve of KT channels was also classically sigmoid, although the V 1/2 was right shifted to +40.6 ± 1.3 mV from −18.4 ± 0.9 mV (n = 5, P < 0.01) of Kv7.1 channels. The slope of G-V curve of Kv7.1 channels was ~17.0 mV. In contrast, the slope of G-V curve of KT channels was shifted to 22.0 mV, indicating that the curve became shallower. The G-V curve of TASK3 channels clearly showed that the conductance of the channel remains at a nearly constant level under stimulations ranging from −100 mV to +50 mV. Although weak voltage dependence was observed at voltages more positive than +50 mV, TASK3 channels did not exhibit voltage-dependent closing (deactivation) under hyperpolarized membrane potentials. In contrast, the voltage-dependent deactivation was observed in both Kv7.1 and KT channels (Figure 2A and Supplementary information, Figure S3B and S3C). Taken together, these results indicate that KT channels are voltage gated.
One KT channel consists of two VSDs
Each dimeric TASK3 channel has two homogeneous subunits [24] . To determine the stoichiometry of KT channels, a single-molecule fluorescence photobleaching experiment using total internal reflection fluorescence (TIRF) microscopy was performed. The mEGFP tags were fused to the C-terminus of TASK3 channels and the N-terminus of the VSDs in KT channels, respectively ( Figure 2C and 2D) . To maintain the density of channels low enough to minimize the chance of incidental overlap of two or more channels within a diffraction-limited area, the cells expressing TASK3 or KT channels were fixed only 3-5 h after transfection and examined by TIRF microcopy, as previously described [26, 27] . In the quiescent cells, the exogenously expressed channels exhibited a punctate appearance of fluorescence on the membrane surface. A defined continuous laser power was applied to induce stepwise photobleaching of the selected fluorescent spots (20-200 spots in a 10 × 10 µm TIRF illumination area). For each of the chosen fluorescent spots, the number of bleaching steps indicated the number of fluorescent mEGFP molecules in one channel. For TASK3 channels, 60% analyzed fluorescent spots (341 of 571) were bleached in two steps, which is consistent with the dimeric stoichiometry of TASK3 channels ( Figure 2C ). A similar bleaching pattern was observed for the KT channels. Approximately 59% (290 of 489) spots were bleached in two steps, indicating that KT is a dimeric channel or that one KT channel consists of two VSDs ( Figure 2D ).
The voltage sensitivity of KT channels is conferred by the grafted VSDs
TASK3 channels show very weak voltage dependence when the potentials are more positive than +50 mV, whereas KT channels with two grafted VSDs exhibit classical voltage sensitivity as Kv channels. Conformation transitions of the selectivity filter mediate the voltage-dependent inactivation of some Kv channels [28] [29] [30] [31] [32] . Whether the intrinsic properties of TASK3 selectivity are disrupted by the grafted VSDs leading to the voltage sensitivity of KT channels was investigated. The experimental reversal potentials of KT channels were measured (Supplementary information, Figure S4 ). Under different K + gradients (5 mM, 50 mM, and 140 mM), the experimental reversal potentials of KT channels were −80.4 ± 3.2, −19.1 ± 0.9 and 1.4 ± 0.7 mV, respectively, which were close to the theoretical K + equilibrium potentials, indicating that the KT channels are still K + -selective channels. TASK3 channels are intrinsically pH gated [23] . Similar to wild-type TASK3 channels, we found that KT channels were also sensitive to low pH. The perfusion of acidic extracellular solutions (pH = 5.5) completely inhibited the currents of both TASK3 and KT channels ( Figure 3 ). H98 is a pH sensor that resides near the extracellular mouth of the pore, and mutations of H98 inhibit the pH sensitivity of TASK3 channels [24, 33] . Notably, the mutation of H98K reduced the low-pH inhibition of both TASK3 and KT channels (Figure 3 ). These results indicate that the pore region of KT channels possesses similar intrinsic properties to that of TASK3 channels.
To investigate whether the voltage dependence of KT channels is derived from the grafted VSDs, we performed two independent experiments. The gating charge residues in S4 are the principal components to sense the voltage changes [34] . Neutralizing the first arginine (R228) of Kv7.1 S4 dramatically affects the voltage dependence of activation, whereas neutralizing the second arginine (R231) leads to loss of voltage dependence, characterized by a linear G-V relationship [35] [36] [37] . The two corresponding positive residues in KT channels were mutated to alanine (A). Interestingly, under identical conditions, the voltage dependence of the mutated KT channels was largely weakened in comparison with that of wildtype KT channels. Both the constitutive opening and the linear G-V relationship were similar to those of TASK3 channels ( Figure 4A and 4B). Benzbromarone (BBR) is a Kv7.1 activator that acts on VSDs [38] . The potentiation effects of BBR on Kv7.1 channels mainly included an increase of the outward currents and a left shift of the G-V curve ( Figure 4D, 4F and 4G ). The compound BBR did not affect the TASK3 channels ( Figure 4C and 4F) . However, after grafting two VSDs, the KT channels became sensitive to BBR ( Figure 4E , 4F, 4H and Supplementary information, Figure S5 ). Under treatment of 10 µM BBR, the increases of the outward current (I/I 0 ) at 0 mV were 2.8 ± 0.5 versus 3.5 ± 0.5 for Kv7.1 and KT channels, respectively ( Figure 4F ). The left shift of the G-V curves of Kv7.1 and KT channels by BBR treatment was also comparable ( Figure 4G and 4H ). For Kv7.1 channels, the V 1/2 was shifted from −1.9 ± 2.0 mV to −22.1 ± 2.9 mV ( Figure  4G) ; for KT channels, the value was shifted from 76.0 ± 4.5 mV to 56.7 ± 4.6 mV ( Figure 4H ). Taken together, these results indicate that the two grafted VSDs transfer voltage dependence and pharmacological sensitivity to KT channels.
One VSD is sufficient to confer voltage dependence and pharmacological sensitivity to Kv7.1-TASK3 channels
Voltage-gated KT channels consist of two grafted VSDs. We then attempted to produce a channel consisting of only one VSD. Tandem TASK3-TASK3 channels are functional [33] . A Kv7.1VSD-TASK3-TASK3 (KTT) channel was therefore constructed by grafting one Kv7.1 VSD to the tandem TASK3-TASK3 channel ( Figure 5A and Supplementary information, Figure S1 ). For clarity, in the following text, the TASK3 proximal to the VSD was named T1; the distal TASK3 was named T2. To determine the number of VSDs in a KTT channel, single-molecule imaging was performed ( Figure 5B ). As in TASK3 and KT channels, the mEGFP tags were fused to the N-terminus of KTT VSDs. However, different from TASK3 and KT channels, most of the KTT fluorescent spots (90%, 392 of 435) were bleached in one step, indicating that one KTT channel contains one VSD. We observed that < 10% of KTT fluorescent spots (39 of 435) were bleached in two steps. One reasonable interpretation is that some fluorescent spots may include two KTT channels due to diffraction-limited imaging resolution. The observation on N-terminally mEGFP-tagged tandem TASK3-TASK3 channels confirmed our speculation. Approximately 89% fluorescent spots of the tandem TASK3 channels were bleached in one step (229 of 260; Supplementary information, Figure S6 ). However, this two-step bleaching still raises a less likely possibility that the VSD and T1 may form a dimeric channel complex themselves in the same way as KT channels, with T2 flanking intracellularly. To exclude this possibility, the pH sensitivity of KTT channels consisting of one or two H98K mutations was then examined ( Figure 5C ). Briefly, the pH-sensing residue H98 in T2 or in both T1 and T2 was mutated to lysine (K). Then, the pH sensitivity of the two mutants, KTT(M) and KT(M)T(M), was evaluated and compared with that of wild-type KTT channels. The pK 1/2 values of KTT and KTT(M) were 6.8 ± 0.1 and 5.9 ± 0.0, respectively, whereas the pK 1/2 of KT(M)T(M) was lower than 5.0. Obviously, the H98K mutation in T1 D) and KT (E) channels were elicited by 500-ms pulses from −100 to +100 mV steps from a holding potential of −90 mV with a 2-s interpulse interval. Histogram for the current ratio (I BBR /I control ) of TASK3 (1.0 ± 0.1, n = 4), Kv7.1 (2.8 ± 0.3, n = 7), and KT (3.5 ± 0.5, n = 5) channels at 0 mV (F). G-V curves of Kv7.1 (G) and KT (H) channels in the absence (black) and presence (blue) of 10 µM BBR.
further decreased the pH sensitivity of the KT(M)T(M) channels, which is consistent with the previous report on tandem TASK3 channels [33] . Collectively, we successfully constructed a functional KTT channel consisting of one VSD.
The voltage dependence of KTT channels was evaluated under identical conditions to that of KT channels. The currents of KTT channels are clearly voltage dependent, displaying slow activation and slow deactivation in the presence of either 5 or 140 mM extracellular K + ( Figure 5D and 5E). Because of the limitation of cell tolerance and thus the lack of depolarization steps larger than +100 mV, only a quasi-classical sigmoid G-V curve was produced ( Figure 5F) . Compared with the G-V curve of KT channels, the apparent V 1/2 of KTT channels was not right shifted, whereas the slope was changed from 22.0 to 37.0 mV, indicating the decreased voltage sensitivity of KTT channels. Then, whether a single VSD could transfer pharmacological sensitivity was examined.
The G-V curve of KTT channels was not changed after application of 10 µM BBR (Supplementary information, Figure S5 ). However, at the same concentration, BBR increased the outward currents of KTT channels by ~3.5-fold, which was comparable with its effect on Kv7.1 or KT channels ( Figure 5G ). Taken together, these results indicate that one single VSD is sufficient to confer the voltage and pharmacological sensitivities to voltage-dependent potassium channels.
Discussion
The GVTDT (Graft VSD To Dimeric TASK3) strategy was developed based on the modularity theory, which indicates that the pore and voltage sensors are distinct functional modules. In 2001, Lu et al. [39] demonstrated that the ion conduction pore is conserved among some potassium channels by substituting the prokaryotic pore into eukaryotic Kv channels. Later on, the voltage-sensing module S3b-S4 paddles of voltage-sensitive proteins were demonstrated to be transferable [40] [41] [42] [43] [44] . Interestingly, the analogous paddle of the non-voltage-gated cyclic nucleotide-gated ion (CNG) channels or TRP channels is also transplantable for Kv channels [45] . Most recently, fusion of the VSD of Ci-VSP to the viral channel Kcv created a functional voltage-gated K + channel [46] . Notably, the S4-S5 linker is not required for voltage-dependent gating of KCNH potassium channels, suggesting that the voltage sensing could be transduced between the pore and VSD modules in the absence of covalent linker [47] . Although a single VSD can sense the changes of membrane potential and function independently [48] [49] [50] , swapping the full-length VSD among 4-fold symmetric voltage-sensitive channels or transplanting the full-length VSD to the monomeric VSP failed to obtain functional proteins [40, 51] . In our study, grafting the full-length VSDs, together with the upstream N-terminus and the downstream S4-S5 linker, to the host protein as an integral module produced functional voltage-gated channels, extending our understanding of the modularity of VSD. Some previous studies supported that the Kv pore is intrinsically more stable when closed, which distinguishes it from constitutively open K2P channels [52, 53] . Notably, the study on KvLm channels revealed that pore only module can populate at open state, suggesting that the pore of Kv channels may also reside in between closed-activated and open state [16] . The gating of the Kv channel pore involves both the lower bundle-crossing gate at the cytoplasmic entrance to the channel and the upper gate at the selectivity filter close to the outer mouth of the channel [54, 55] . By contrast, the gating of K2P channels was thought to occur through their upper gate [56] [57] [58] [59] . However, except for the upper gate, recent evidence shows that K2P channels may also possess a lower bundle-crossing gate, similar to Kv channels [59] [60] [61] . For TASK3 channels, the pore-lining helices consisting of two highly conserved putative hinge glycines form the lower gate and mutations of these glycines affect channel opening [62] . Therefore, the grafted VSDs may open or close the constructed KT or KTT channels by regulating the lower bundle-crossing gate of TASK3 channels.
Our study may reconcile some apparently conflicting observations on the gating of Kv channels. In Shaker family Kv channels, it is thought that the hyperpolarization of membrane potential would drive the VSDs down, causing the S4-S5 linkers to press on the outer side of the pore-lining helices, closing the lower gate [63, 64] . By contrast, the VSDs are driven outward upon membrane depolarization, pulling on the S4-S5 linker and then opening the lower gate. There are four VSDs in a Kv channel, and it is therefore reasonable to deduce that they would work cooperatively during the gating process. Earlier experiments suggested that the transfer of the gating charges in all four VSDs must be sufficient to open the pore [65, 66] . Immobilizing one S4 segment prevents Shaker activation gate from opening [67] . In line with these experimental measurements, a recent all-atom molecular simulation suggested that full outward movement of S4 in one or two VSDs is insufficient to open the pore [1] . The experiment in the prokaryotic KvLm channels further revealed that three VSDs are required to promote classical voltage-dependent channel opening at depolarizing potentials [16] . In our study, either one or two VSDs are sufficient to open the channels in a voltage-dependent manner. However, compared with the G-V curve of the donor Kv7.1 channels with four VSDs, the KT (consisting of two VSDs) and KTT (consisting of one VSD) channels exhibit positively shifted V 1/2 and more shallow activation curve ( Figure 5H and 5I) , suggesting a reduction of voltage sensitivity. The voltage sensitivity of these three types of channels is positively correlated with the numbers of VSDs that they possess. Collectively, we propose that one VSD could be sufficient to voltage dependently open the channel, whereas the cooperation of VSDs facilitates the opening process and therefore increases the voltage sensitivity. Channel closure is an energetically asymmetric process relative to channel opening [1, 64] . The off-and on-gating currents are usually different [68] . In particular, mutations in the S6 helices often affect the opening but not the closing kinetics [69, 70] . In prokaryotic KvLm channels, four VSDs were required for full closure [16] . Interestingly, the studies in some Kv channels suggest that the intrinsically most stable state of the Kv pore is the closed state [1, 52, 53] . The VSDs thus do not need to actively push the S4-S5 linker down to close the pore because the pore cavity is highly hydrophobic [52] . Consistently, a molecular simulation further showed that the limited motion of a single VSD towards the resting state is sufficient to close the pore [1] . Our study incorporated these theoretical and experimental results. Both KT and KTT channels that contain either one or two VSDs clearly exhibit voltage-dependent deactivation in the same way as Kv channels.
In summary, the current study developed a strategy to construct voltage-gated ion channels with reduced number of VSDs. The finding that one VSD is sufficient to open and close the channels provides new insight into the roles of VSDs and refreshes our understanding of the gating of voltage-gated channels. Our work also provides a new method to gate TASK3, and perhaps other K2P channels. TASK3 shows a high host tolerance for VSDs from various Kv channels. KCNK2, another member of K2P channels, could be converted to voltage-dependent channels by phosphorylation at a single canonical site for protein kinase A (PKA), which supports the idea that other K2P channels could also be receptive to the VSD chimeric strategy [71] . The novel channels constructed by fusing VSDs to different K2P channels would be essential for understanding the gating and regulation of the K2P channels.
Materials and Methods
Plasmid construction
The human Kv7.1 plasmid was a gift from Dr D Mackinnon (State University of New York, Stony Brook, USA). The human TASK3 was a gift from Dr Min Li (The Johns Hopkins University, USA). Point mutations were introduced using the QuikChange II site-directed mutagenesis kit (Stratagene) and the standard extension technique. The chimeric channels were generated by PCR using the overlap-extension method [72] . The cDNA encoding the chimeric channels was cloned into pMD18-T vectors (Takara) for amplification and sequencing. Then, all confirmed cDNAs were subcloned into pcDNA 3.1 for expression. TASK3 was tagged with mEGFP at the C-terminus through BamHI and EcoR I sites into pmEGFP-N1 vectors. KT and KTT were tagged at the N-terminus by subcloning mEGFP into a pcDNA3.1 backbone through NheI and BamHI.
Cell culture and transient transfection
CHO cells were grown in DMEM/F12 (Gibco) with 10% FBS (Gibco). COS-7 cells were grown in DMEM with 10% FBS. Twenty-four hours before recording, cells were split and plated in 60-mm dishes, and were transfected with Lipofectamine 2000 reagent (Invitrogen) according to the manufacturer's instructions.
Electrophysiological recording
For current measurements of the channels expressed in CHO cells, standard whole-cell patch clamping was used at room temperature. The pipettes were pulled from borosilicate glass capillaries (World Precision Instruments). When filled with the intracellular solution, the pipettes had resistances of 3-5 M. During the recording, constant perfusion of extracellular solution was maintained using a BPS perfusion system (ALA Scientific). The pipette solution contained 140 mM KCl, 1 mM MgCl 2 , 10 mM EGTA, and 5 mM HEPES; extracellular solution contained 135 mM NaCl, 5 mM KCl (or 0 mM NaCl, 140 mM KCl or 90 mM NaCl, and 50 mM KCl), 2 mM CaCl 2 , 1 mM MgCl 2 , and 10 mM HEPES [73] . The pH was adjusted to the desired values using KOH or NaOH. Currents were recorded using an EPC-10 (HEKA) filtered at 2 kHz and digitized using a DigiData 1440 with pClamp 9.2 software (Molecular Devices). Series resistance compensation and prediction were also used and set to 60%. All chemicals were purchased from Sigma. Stock solutions (20 mM) were prepared in dimethyl sulfoxide and diluted in the extracellular solution before use. Normalized conductance-voltage (G-V) relationships were fitted using the Boltzmann equation. The slope describes the steepness of the curve, with a larger value denoting a shallow curve. Data analysis was performed using CLAMPFIT 9 (Axon Instruments) and GraphPad Prism 5.
Single-molecule imaging
The imaging experiments were performed using fixed COS-7 cells. A TIRF microscope, equipped with a high-NA TIRF objective (Olympus Oil 100× or 150× NA = 1.45) and electron-multiplying charge-coupled device (AndoriXon DV-897 BV), was adopted to achieve single-molecule detection. mEGFP was excited with a solid-state 488-nm laser (OPSL, Coherent) with 1-mW laser power at the back pupil of the objective. Image stacks of 1 000 frames were acquired at 20 Hz. Imaging data were analyzed by a home-written MATLAB code. Briefly, an àtrous wavelet filter was applied to each frame to extract all the single molecules. Each isolated molecules were fitted to a 2D Gaussian function to obtain the precise x-y location, as well as the intensity and background. To find the corresponding single molecule in successive frames, a well-established trajectory linking algorithm (http://site.physics. georgetown.edu/matlab/) was adopted. For each identified trace, the bleaching steps were determined manually by one investigator and rescored blindly by another. Other criteria were as described in [26] .
Statistics
The data are presented as means ± SEM and the significance was estimated using paired or unpaired two-tailed Student's t-tests unless otherwise stated. Statistical significance: *P < 0.05, **P < 0.01, ***P < 0.001.
